In many organisms, several proteins are known to crystallize in vivo and have been proposed to be under positive selection pressure for crystallizing inside the cells. Common examples of such proteins that have been linked to biological functions include insulin secretion, sorting of secretory proteins in the Golgi apparatus, pathogenesis of Bacillus thuringiensis, as storage mechanisms for infectious viruses and developmental proteins in seeds and eggs. While natural crystallization of proteins inside cells has been identified in different kingdoms of life, the structures of only a few crystals have been determined although none at atomic resolution. We have determined the first atomic resolution (1.2 Å) structure from in vivo grown protein crystals solved by sulfur single-wavelength anomalous dispersion phasing using lower energy X-rays. These are crystals of lipocalin-like milk protein from the cockroach, Diploptera punctata and found to crystallize in vivo in the midgut of milk-drinking cockroach embryos. These crystals serve as calorie intense complete nutrients for the embryo development. Typically, in vitro crystallization requires highly pure and homogeneous proteins. Our structure reveals a motif that is heterogeneous in protein sequence, glycosylation as well as the bound lipid and serves as a complete food for cockroaches. In vitro expression and secretion of the milk protein in yeast is in progress. Development of the recombinant form of this protein will help in making many products like nutritional supplements, fortified food, poultry feed, hydrophobic drug/vitamin carrier etc.
